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Abstract

Introduction: Spinal anesthesia has become the anesthesia of choice for
most of the surgeries of the abdominal-pelvic region. Cited with benefits
such as lesser risks of apnea, minimal cardiopulmonary alteration, and
abnormalities associated with neurocognitive development, it
incorporates all components of balanced anesthesia, especially in
pediatric surgeries. Encouraging results on the safety, efficacy, and
feasibility of spinal anesthesia has increased its utility. The objective of
our study was to assess the hemodynamic change occurring in children
below four years undergoing lower abdominal and pelvic surgeries
following spinal anesthesia.

Method: This is a cross-sectional study conducted over 2 years and
includes children undergoing surgery of the lower abdomen in
Kathmandu Model Hospital. The information was data regarding
patients' demography, hemodynamic status prior, during, and after the
procedure of spinal anesthesia, measuring systolic blood pressure (SBP),
diastolic blood pressure (SBP), mean arterial pressure (MAP), heart rate
(HR), sensory and motor block characteristics (modified Bromage scale)
and complications.

Result: The intraoperative and postoperative hemodynamics did not
show major differences. The mean peak sensory level was T4 (C7-T10)
during the block. Recovery of sensory and motor blocks was complete in
all patients. Modified Bromage scale was 1 in 57(98.27%), 2 h post-
surgery. The average duration of the block was 75 min (30-180).
1(1.72%) patient developed apnea during the surgery.

Conclusion: Spinal anesthesia in small children showed minimal variation
in intraoperative and postoperative hemodynamics and is a safer mode
of anesthesia with sparing of respiratory alterations seen with general
anesthesia.
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Introduction

Local and regional anesthesia, in contrast to
systemic, general anesthesia (GA), involves
the reversible numbing of a specific region of
the body to prevent any sensation of pain.!
Spinal anesthesia (SA) involves infiltration of
the anesthetic agent in the subarachnoid
space and does not require sedation and does
not impair vital bodily functions such as
respiration.? Though initially only practiced on
moribund ex-preterm infants (<60 w post
conception) to reduce the incidence of
postoperative apnea when compared to GA,>
numerous emerging literature are showing
encouraging results regarding safety and
efficacy of SA for older children too.* > SA in
children has many advantages over GA with
minimal cardio-respiratory disturbance i.e.
lower incidences of hypotension, post-
operative apnea, hypoxia, and bradycardia.®”®
Unlike GA, the SA allows infants to be
managed throughout surgery with minimal
anesthetic medications, thereby avoiding
respiratory depressing effects of opioids and
volatile agents, lesser equipment
requirement, and shorter length of hospital
stays. 10

Animal studies have shown the harmful
effects of GA on the young developing brain.!
The GA may further contribute to apnea
postoperatively due to a decrease in upper
airway muscle tone, and airway obstruction.

Despite the benefit of SA compared to GA,
many have reservations regarding SA due to
the reliability of GA and the technical
difficulty of regional anesthesia in small
children; like uncooperative population,
unique anatomical features, and lack of
expertise of the physician. This study focuses
on assessing the intraoperative and
postoperative hemodynamic changes
following spinal anesthesia to establish its
efficacy and safety in patients below 4 y.

Method

This was a cross-sectional study conducted
from March 2018 to March 2020. Ethical
approval was obtained from the Institutional
Review Committee of Kathmandu Model
Hospital, Bagbazaar, Kathmandu, Nepal.
Informed consent was obtained from
patient/guardian of each patient for
participation.

All patients undergoing the study were
subjected to a thorough pre-anesthetic
evaluation with specific history taking and
examination for infants for any cardiac
arrhythmias (long QT syndrome), syncope,
cyanosis at stress, or cry. The patient
underwent a clinical examination of his/her
back to find out the suitability of anesthesia
before the procedure. Because an adult spinal
cord level (spinal cord terminating at L1) is not
achieved until 2 y of life, care was taken by
the anesthetist before the procedure
regarding the placement of anesthesia. A
lower-level approach was used for drug
administration at L4-L5 or L5-S1 level as the
spinal cord terminates at L3 level at birth.
Patients with anatomical deformity of the
spine, cardiac abnormalities, sepsis, local
infection at the site of lumbar puncture,
coagulopathy, increased intracranial pressure,
patient’s guardian refusal, surgeries above the
umbilicus, and all emergency surgeries were
excluded from our study. We therefore
selectively included only the patients falling
under the American Society of Anesthesiology
category 1 and 2 in our study.

We followed the American Society of
Anesthesiologist recommendation that
patients be NPO for 2 h for clear liquids, 4 h
for breast milk, and 6 h for solids or non-
human milk before undergoing sedation for
elective procedures. Intravenous access was
established and all patients were given a
crystalloid solution of Ringer’s lactate before
SA. Fluid management was done according to
The Holliday — Segar 4-2-1 rule.’® Preoperative
vitals comprising heart rate, blood pressure,
and oxygen saturation was measured using
standard devices.
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A 50 mcg/kg of IV midazolam with or without
inhalation of 2% sevoflurane was used to
calm, and maintain a co-operative
environment to achieve the block. It is known
that children become agitated before
surgeries due to being away from parents,
due to the presence of strangers around, or
fear of pain.

Spinal anesthesia was given with the patient
placed in the left lateral position avoiding the
extreme flexion of the neck to prevent airway
obstruction. To avoid obstruction, a face mask
was placed over the patient’s mouth and bag
movement was observed for any obstruction
and adjusted accordingly. The block was
performed under all aseptic conditions after
identifying the L4-L5 or L5-S1 level via the
midline approach using a 25G Quincke needle
for insertion in the subarachnoid space. Once
the free flow of clear cerebrospinal fluid was
seen exiting the needle, 0.5% hyperbaric
bupivacaine at a dose of 0.8 mg/kg was
injected into the subarachnoid space. The
patient was then immediately placed in a
supine position avoiding the Trendelenburg or
reverse Trendelenburg position of the table.

Monitoring of the vitals was done with
standard monitoring devices like a non-
invasive blood pressure monitor, pulse
oximeter, and electrocardiogram monitor.
The pinching method was used for assessing
the sensory level of the block and the height
of the block at the dermatomal level.** A block
was considered successful only when there
was an inability to sense pinprick on bilateral
T10 level, within 15 minutes of intrathecal
drug administration. The pinching method
was performed every 2-3 minutes apart from
the administration of SA for up to 15 minutes.
The table was manipulated in a reverse
Trendelenberg up to 30 degrees if the block
was achieved above T4 level. In infants or
non-verbal patients, careful observation of
flinching or facial expression was observed in
response to the painful stimuli. The quality of
the block was assessed using a modified
Bromage scale.

Demographic information of the patients such
as age, the indication of surgery, type, and
duration of surgery was noted. The
anesthesiologist does thorough monitoring of
vitals (systolic blood pressure, diastolic blood
pressure, mean arterial pressure, heart rate,
and saturation of oxygen) every 5 minutes
and records it in the proforma. Complications
related to anesthesia such as high spinal
block, vomiting, apneic spells, shivering, post-
dural puncture headache, desaturation, and
any manifestation suggestive of neurological
injury were also recorded. Before shifting the
patient to the post-operative ward, we
ensured stable vital signs, intact gag,
swallowing and cough reflexes, and adequate
respiration.  Patients were  monitored
postoperatively with the recording of the vital
parameters every 15 minutes up to 2 hours
and the nurses were instructed to inform the
concerned anesthesiologist in case of any
fluctuation in  hemodynamics, patient
irritability, and drowsiness. Complications
were identified, recorded, and intervened by
the consulting anesthesiologist in the
operation theatre itself and/or when notified
by the ward nurses in the post-operative
wards. Complete recovery from the spinal
block was assessed using the Bromage scale
and clinically.

Result

A total of 58 patients were included in our
study. There were minimal changes observed
in the blood pressure pattern of systolic,
diastolic, and mean arterial pressure, Figure 1.
Pulse rate showed an increase in 15(26%)
patients after 5 min of the subarachnoid block
as compared with baseline. The oxygen
saturation was static throughout the
procedure. One case of apnea (1.7%)
occurred, which was successfully managed
and no other variation in respiratory
hemodynamics was noted intra-operatively
and post-operatively among the children.

The mean age was 15 mo and weight 8.44 kg,
Table 1. Out of 58 children, 52(89.65%) were
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of American Society of Anesthesia category 1,
and the remaining were category 2, (10.35%).

The mean duration of the block was 75 m,
Table 2. The level of block assessed by the
Modified Bromage scale!>!® was: 1. complete
block (unable to move foot or knees), 2.
almost complete block (able to move feet
only), 3. partial block (just able to move

detectable weakness of hip flexion while
supine, 6. able to perform partial knee bend.

Modified Bromage score of 1 was obtained
within the duration of block in 57(98.27%)
patients. Sensory and motor block reversal
was complete in all and were identified using
a modified Bromage scale. The mean duration
of the block was 75 m, Table 2.

knees), 4. detectable weakness of hip flexion
while supine (full flexion of knees), 5. no

II II II |

DBP SpO2 | HR SBP  MAP DBP SpO2 HR SBP  MAP DBP SpO2

Pre-operative vitals Intra-operative vitals Post-operative vitals

Figure 1. Hemodynamic changes in the children undergoing spinal anesthesia

Note: HR: heart rate, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, SpO2:
saturation of oxygen

Table 1. Demographic characteristics of children undergoing spinal anesthesia (n=58)

Characteristics Finding

Mean age 15 mo (range 2 d - 44 mo)
Male 12(20.68%)

Female 46(79.31%)

Mean weight 8.44 kg (2.6 - 17 kg)

Table 2. Perioperative characteristics of children undergoing spinal anesthesia

Characteristics Findings

Type of surgery N(%)
Herniotomy 24(41.37%)
Colostomy 7(12.06%)
High ligation of processus vaginalis 6(10.34%)
Orchidopexy 5(8.62%)
Circumcision 4(6.89%)
Other gastrointestinal surgeries (anterior septal anorectoplasty, ileostomy, laparotomy) 6(10.34%)
Genitourinary surgeries (pyeloplasty, urethroplasty) 6(10.34%)

Mean peak sensory level T4(C7-T10)

57(98.27%)
75 m (30-180 m)

Motor block, Bromage score of 1
Mean duration of the block

94 Journal of Patan Academy of Health Sciences. 2021Aug;8(2):91-97.



Rikal Man Shrestha: Spinal anesthesia in small children

Discussion

In our study, among all 58 children below 4 y
of age who underwent various surgeries
under spinal anesthesia, we found only a few
parameters showed small alterations in
hemodynamics, and the overall changes
during and after the procedure were not
clinically considered significant. Even when
the height of the block was high, the
hemodynamic alterations were small. Studies
show hemodynamic suppression following SA
is minimal to absent in children due to a
smaller peripheral blood pool, immature
sympathetic  autonomic  system, and
compensatory reduction in vagal efferent
activity. 2

In our study, hemodynamic stability was
maintained throughout the surgery without
changes in systolic, diastolic, and mean
arterial blood pressure. However, an increase
in heart rates was noted in 15(26%) patients.
This result is similar to a study conducted in
Germany, comparing general and spinal
anesthesia in pediatric surgeries.’” The
German study found that among a total of 40
children age 2-5 y undergoing pediatric
surgeries, 3 out of 20 became restless after
spinal anesthesia with no other changes in
hemodynamic pattern and respiratory
function. They reported 11 out of 20 patients
after general anesthesia suffered arterial
desaturation (Sp0O2 <90%).

The high levels of the block (T2-4) reduce
outward motion of the lower ribcage,
decrease intercostal muscle activity, and may
lead to paradoxical respiratory movement in
children. However, the diaphragm
compensates for the loss of ribcage
contribution in most cases.?® In our study the
mean peak level of sensory block was T4 (C7-
T10), which is in contrast to a study
conducted in India where the mean peak
sensory block achieved was T6 (the desired
level was T10) in 96.1% of the patients which
was considered as a successful block.
Similarly, since our study included
infraumbilical surgeries and the level of block
needed was below T10 in all patients,

adequate dermatomal level analgesia was
present throughout the surgery thus, not
demanding an added dose of anesthesia.
Similar to our findings, the above study from
India also concluded that pediatric spinal
anesthesia is a safe and effective anesthetic
technique for lower abdominal and lower
limb surgeries with a high success rate. Owing
to early motor recovery, it can be a preferred
technique for the pediatric population.'®

The mean peak sensory block achieved shows
a wide variation in the level of sensory block
in surgeries of the lower part of the body
ranging from T1-T7 with the mean being T4. In
contrast to our findings, a study in Bangladesh
shows that the time for the need of rescue
anesthesia after the weaning level of prior
anesthesia was reached as 118 minutes.’® In
contrast, the average time duration of the
block was 75 m (30-180 m) in our study,
adequate for most of the surgeries.

Apnea was seen in a 7-d old infant as one of
the intraoperative complications in our study,
and no other complications were encountered
during our study. Apnea was managed with
bag and mask ventilation until the patient had
adequate spontaneous respiration. Apnea
seen in this patient could be the effect of
intravenous sedatives. Anesthetic agents and
sedatives in lesser doses or avoiding their use
may result in a lower incidence of apnea or
respiratory depression in children.

Respiratory compromise is one of the major
concerns while using sedatives and narcotics,
especially in GA. In comparison, such is not a
problem associated with spinal anesthesia
due to the lesser use of drugs that cause
respiratory suppression. Our study had a
similar result as a previous study in Brazil
where no change in oxygen desaturation was
observed.?°

Compared to GA, there are |lesser
hemodynamic alterations in SA. Therefore, SA
is considered a safe, effective, and feasible
form of anesthesia with the characteristic of
completely balanced anesthesia.*®
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Even with the advent of sophisticated forms
of anesthetic techniques, SA is still marked as
an easy and cost-effective technique. It
provides a stable and uniform sensory and
motor block and therefore is a good option in
day-to-day pediatric surgeries without the
need for narcotics and sedatives, or only
require minimal use of narcotics and
sedatives.

In small children ligaments are less densely
packed, and the feel of loss of resistance is
less marked. Increased spine flexibility limits
normal thoracic kyphosis and facilitates
cephalad spread and a higher level of sensory
block. #2 Laminae are cartilaginous; hence, the
paramedian approach was avoided and the
midline approach was implemented.

Anatomical variations and hemodynamic
parameters vary according to different age
dynamics within the pediatric age group and
the adult parameters are achieved as one age,
special consideration of anatomy and
physiology is essential to achieve non-
problematic anesthesia.

At birth, the dural sac terminates at S3 and
the spinal cord at L3 vertebral levels. Adult
level (S2 and L1 respectively) is not reached
until 2y of life. Thus, it is prudent to use a low
approach (L4-5 or L5-S1) to avoid damage to
the spinal cord.”* We also used a low
approach in our study. The intercristal line
(Tuffier's line) remains a reliable landmark
similar to adults since in younger children, it
passes through L4-5 /L5-S1. Newborns have a
narrow subarachnoid space (6-8 mm) and low
CSF pressure, necessitating greater precision
and avoidance of lateral deviation.

One of the limitations of this study was that
hemodynamic alterations may have been
affected by the fasting duration and amount
of fluid administrations. We did not
individually analyze these parameters.
Similarly, the dosage of sedatives may have
contributed to respiratory depression or
apnea.

Conclusion

Spinal anesthesia appeared safe, effective,
and feasible method of anesthesia in the
pediatric population. It causes limited
cardiopulmonary alterations. With the need
for a limited anesthetic drug, equipment, and
thus limited adverse outcomes this results in
considerable safety without compromising
the quality of care.
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